Abstract: Freshwater availability in sufficient quantity and quality is necessary for both people and nature. Environmental flow data is useful in the management and allocation of water resources. This study aimed at quantifying stream flows and their trends in the Malewa Basin rivers in central rift valley, Kenya. Daily stream flow data in four gauges (2GB01, 2GB05, 2GB0708 and 2GC04) were subjected to exploratory data analysis, fixed interval method of baseflow separation and Mann Kendall trend test. The results shows that on average, the Malewa river at Gauge 2GB01 discharge (excluding abstractions) about 191.2 million cubic metres of water annually, equivalent to a discharge of 6.06 m 3 /s. While discharges had not experienced a step change, huge annual fluctuations were noted suggesting periodicity with changes in climatic conditions. No trend was noted in annual stream data for the four gauges assessed. However, extreme low and high flows, median flows and baseflows for daily data showed either positive or negative trends. The baseflow index for daily flows showed trends: 2GB01 (Z = 4.519), 2GB05 (Z = -6.861), 2GB0708 (Z = -16.326) and 2GC04 (Z = 5.593). The findings suggest that Malewa rivers are likely experiencing effects of extreme climatic conditions and land cover changes. Land cover degradation seems to create conditions of increased flow, although the intensity varies from sub-catchment to another. The data also seems to suggest that stream discharge is much dependent on baseflows. There is need to regulate water use, improve soil cover and manage or adapt to the adverse effects of climate change.
Introduction


Freshwater availability in sufficient quantity and quality is necessary for both people and nature. The concept of environmental flows has been the subject of study and consideration [1] [2] [3] [4] [5] . Environmental flow information guides on how water is managed and allocated to different competing uses. The need for improved water efficiency in the allocation has led to increasing focus on environmental flows or environmental water allocations [6] , although national and international policies have not yet accounted for them [7] . Streamflow volumes and trends are important for decision making on water allocation. As reported by Kundzewicz, W. Z., et al. [8] , changes in  Corresponding author: Musa Cheruiyot, MSc, research fields: environmental flows and landscape restoration. streamflow may occur gradually (a trend) or abruptly (a step change), and this may affect any aspect of the data in question [9] .
Environmental flow assessments are conducted using different methods. According to Dyson, M., et al. [2] , this may conveniently be grouped into four categories, namely hydrological rules, hydraulic rating methods, habitat simulation methods and holistic methodologies [10] . The Service Provision Index is an example of an environmental assessment approach that links environmental flows, ecosystem services and economic values [11] . This study aimed at quantifying stream flows and trends of the Malewa Rivers in central rift valley, Kenya. Such information was deemed useful in informing the allocation and management of competing water uses and also in the planning for restoration and or management of the water deficit. 
Material and Methods
Study Area
The Malewa river basin (1,760 km 2 ) (Fig. 1) is located in the larger Naivasha basin within Nakuru and Nyandarua counties of the eastern Africa (Gregory) Rift valley, Kenya. Located at 36°05' E-36 º 42' E longitudes and 00 º 07' S-00 º 45' S latitude, it is administratively bordered by Nyeri and Muranga counties on the east. East of the study area is the Aberdares Mountains and Kinangop plateau. The topography of the study area ranges from about 1,900-3,990 m above mean sea level [12] . Soil types have been influenced by the topographical variation, volcanicity and geology [13] . The soils are predominantly of lacustrine, volcanic and lacustrine-volcanic origins [14, 15] .
The area is positioned within a semi-arid type of climate, with a bimodal rainfall distribution. It is characterized by longer rainy season (March-May) and short rainy season (October-November), with February, July and December being the driest months [16] . Annual rainfall ranges between 600-1,700 mm, with the Kinangop plateau experiencing 1,000-1,300 mm [17] . Rainfall in the upper catchment exceeds potential evaporation in most parts of the year [18] . The mean annual temperature ranges from 16 o C to 25 o C and daily range from 5 o C to 25 o C [19] .
Lake Naivasha (145 km 2 ) is drained by two main rivers: Malewa and Gilgil. The Malewa river with a dendritic drainage system has four streams, namely the Turasha, Kitiri, Mugutyu and Makungi. Its annual flow is estimated at 153 MCM (Million Cubic Metres) [20] . Agriculture, grassland, bush/scrub land and forest are the major land cover types [21] . The upper catchment (the Nyandarua range) is dominated by forests and cropland, the lower end by livestock grazing [22] . (Fig. 2) was sourced from the Water Resources Management Authority.
Data
Exploratory Data Analysis
Stream data for the four gauge stations were analyzed for volumes and trends in daily and annual flows. Using Microsoft Excel®, EDA (Exploratory Data Analysis) was done to estimate stream volumes and visualize trends in data. Using EDA, annual total flow, median flow (50th percentile) and daily flow (90th, 95th, 25th, 10th and 5th percentiles) were generated [9] .
Baseflow Separation
Baseflows were established using the fixed interval method of baseflow separation. In this method, the lowest discharge in each interval (N) was assigned to all days in that interval by starting with the day of the period of record. After this, the bar is moved one interval (2N* days) horizontally and thereafter the process is repeated. Assigned values were connected to define the base-flow hydrograph [23] . This method was applied using BFI+3.0 program (a base-flow index calculation programme) developed based on Tallaksen, L. M. and van Lanen, H. A. J. [24] among others [25] .
Mann Kendall Trend Tests
Using Microsoft Excel® based add-in XLSTAT statistical analytical software, MK (Mann Kendall) tests [26] [27] [28] were performed on annual and daily streamflow data to detect trends. Baseflow and baseflow index for the four gauge stations was also subjected to MK test to establish trends. 
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Results
Trends in Daily and Annual Stream Discharges
The results show that on average the Malewa river at gauge 2GB01 discharges (excluding abstractions) about 191 MCM of water annually. This is equivalent to a discharge of 6.06 m 3 /s. There were wide variations in minimum and maximum diurnal and annual flows recorded in all the four gauges. The daily and annual stream volumes and trends for the four gauges stations are shown below ( Table  1 ). The fluctuations in annual total flows for the four gauges are shown in Fig. 3 . Trends in streamflow (Q) level of the four gauge stations are shown in Table 2 . The MK tests on annual streamflows (annual totals) for all the four gauge stations indicates no trend. All the four gauges except 2GB01 indicated trends in daily stream discharge. At 2GB01, the Z scores showed an increasing trend in streamflow at Q5, Q10, Q25, Q50, Q75, Q90 and Q95 levels. At Gauge 2GB05, trend was observed for daily discharge for all levels of flow examined. Increasing trend was observed for daily discharge values at Q10, Q25, Q75, Q90 and Q95. However, decreasing trends were observed at Q5 and Q50. At Gauge 2GB0708, trends was noted for all levels of daily flows except Q90. In this station, except for daily values, Q5 and Q95 indicating decreasing trends, all other levels showed increasing trends. No trend was observed for Q5, Q10, Q25 and Q75 at Gauge 2GC04. All the remaining levels (daily values, Q50, Q90 and Q95) showed increasing trends in streamflows. 
Trends in Daily and Annual Baseflows
The 
Discussions
It is evident that there have been huge annual fluctuations in streamflow. The fluctuations seem to suggest periodicity: a decrease in annual flows coincide with dry periods recorded such as that of 1965, 1969, 1973, 1984, 2000 and 2009 . It is also indicative of extreme flows during the wet years of 1961, 1968, 1977, 1988, 1990, 1994, 1998 and 2010-2011 . As such climatic variability seems to play an important role in the annual discharges. These fluctuations likely impacted decreased flow regime and increased scarcity of water during dry conditions; and intense rains and subsequent floods particularly in the absence of adequate vegetation cover. Table 2 showed diversity in trends reflected as positive or negative changes. Overall, as shown in Gauge 2GB01, there seems to be no major changes in streamflow regarding both annual and daily total discharges. However, the data seems to suggest an overall increase in streamflow at low (Q75-Q95), median (Q50) and high flow (Q5-Q25) metrics of the watershed. The fewer the number of days in a year with greater flows recorded, the lesser the magnitude of positive stream flow trends. In the contrary, the more the number of days in a year with greater flows, the greater the magnitude of streamflow trends. However, median flows demonstrated higher magnitude of streamflow changes. Gauges 2GB05 and 2GB0708 demonstrated a lot of diversity in either increasing or decreasing trend, while 2GC04 were either increasing or no trend at all. While 2GB05 and 2GC04 generally had an increase in daily streamflow, 2GB0708 had fluctuated changes in streamflow, with a positive change in Q10 to Q75. While no evidence exists to suggest a step change in discharge, the trends observed in all the four gauge stations but at different Q levels suggest that the Malewa rivers are experiencing effects of extreme climatic conditions and land cover change. These findings seem to suggest that degradation in land cover appears to create conditions of increased flow, although the intensity varies from sub-catchment to another. A big change in flow at 2GB0708 is difficult to interpret, although this may be due to inter-basin water transfer. The contribution of annual baseflows to streamflow: 2GB01 (78%), 2GB05 (68%), 2GB0708 (61%) and 2GC04 (67%) seems to suggest that stream discharge for this area is much dependent on baseflows. The evidence that about 78% of the discharges are attributed to baseflows in 2GB01 shows that the hydrological regime is much dependent on ground water systems. Baseflow matched very well with stream flows as the results shows that no changes are happening at 2GB01 yet increases were observed at 2GB05 and 2GC04, while a decline was noted in 2GB0708. It is likely that water abstraction is a key factor experienced at the lower catchment where 2GB01 situates. Inter-basin water transfer could be influencing reporting of decline at 2GB0708. Increased infiltration at 2GB05 and 2GC04 due to improved ground cover are likely factors driving enhanced baseflows. This is supported by BFI data showing increasing trends (2GB01 and 2GC04) and decreasing trends (2GB05 and 2GB0708).
As reported by Becht, R., et al. [29] , the surface water inflow for the entire Malewa basin was 217 MCM over the period 1932-1997. The authors suggest that permits for river abstraction may have influenced the reported inflow. This is because the total permitted abstraction was then about 17% of the estimated surface inflows into the lake. As such, without abstraction, the Malewa inflow is much higher than reported. The findings from this study slightly differs from that reported by Everard, M., et al. [30] of an annual (153 MCM/year) and daily (4.84 m 3 /s).
However, as indicated by Åse, L. E., [31] and Becht, R., et al. [29] , this varies from one study to another depending on the time period considered [32] . As regards trends, Kyambia, M. M., et al. [12] have reported significant increase in annual maxima at Gauges 2GB01, 2GB05, 2GB04 and 2GC04. The annual Q95 at 2GB01 and 2GB05 had increasing flows while a decrease was observed for annual Q90 and Q97 at 2GB04 and 2GC04 respectively. As such, this variation points to climate change realities in terms of increased intensity and frequency of flows and the need to respond through different adaptation actions. These findings are similar to one reported by this study, although the unit of analysis differs. An increase in streamflow is usually attributed to rainfall. In the Mississippi river, an increase (1940 to 2003) in flow was caused by increased baseflow attributed to land use change driven by soybean cultivation. A conversion of perennial vegetation to seasonal row crops and accompanying agricultural activities decreased evapotranspiration and surface runoff, and increased groundwater recharge, baseflow, and thus streamflow [33] . Increase in winter baseflows in the Tahe River and Duobukuer River watersheds of north-eastern China may be due to enhanced groundwater storage and winter groundwater discharge caused by permafrost thaw. It could also be due to an increase in the wet season rainfall [34] .
Conclusions
This study has established that the Malewa rivers are experiencing fluctuations in streamflows over the years. While no step change was detected, nor trend at the outlet, there are significant fluctuations in annual streamflows and baseflows suggesting periodicity. Daily discharge and baseflow index have shown trends, both positive and negative in flows. It is suggested that the Malewa rivers are likely experiencing effects of extreme climatic conditions and land cover changes. Land cover degradation seems to create conditions of increased flow, with varied intensities per locality. In addition to the effects of climate and land cover change, water abstraction, inter-basin water transfer and increased infiltration are likely reasons for fluctuating flows in discharge and baseflow. Stream discharge is much dependent on baseflows suggesting the influence of infiltration. These fluctuations likely impacted on decreased flow regime and increased scarcity of water during dry conditions; and intense rains and subsequent floods in the absence of adequate vegetation cover. This study has provided evidence of increasing and decreasing trends in extreme and median flow metrics. There is thus need to regulate water use, improve soil cover and manage or adapt to the adverse effects of climate change.
